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EVALUATION OF CRANKCASE HEAT AND ITS EFFECTIVENESS
WITH A HERMETIC COMPRESSOR

Richard E. Cawley, Chief Ehgineer. Research & J:::.leveloprrent
Lennox Industries Inc. • Fort Worth. Texas
Sidney A. Parker, Manager, Research & DeveL>priEnt
Lennox Industries Inc. , Fort Worth. Texas

sleeve beneath the compressor and energized whet
needed.

INTRODUCTION
It is corrmon knowledge within the refrigeration
and air conditioning industry that a very substantial portion of compressor failures are results of inadequate lubrication and valve abuse.
As illustrated in Table I, these failure categories
account for a total of 42% of one compressor
manufacturer's field returns.

A diagram illustrating the equipment arrangeriEnt
and temperature instl'UI!Entation is shown in Fig.
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Table I
Breakdown of Reasons For Compressor Failures
% of
Category
Bearing and/or Lubrication
Electrical
No Defect
Valves
Defective Parts
All other

Total Returns
33
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Another accepted fact is that many of the lubrication and valve failures occur during spring
weather when compressors are required to start
after relatively long periods of inoperation. The
most critical months would depend on latitude and
system orientation, and solar heat tables such as
those shown in Reference l would be of
valuable assistance in determining when the sun load
on a condenser surface was highest. A high sun load
would, of course, accelerate the migration of refrigerant from a very responsive condenser coil to a
massive compressor during sunlight hours. One conclusion drawn from the experirrents discussed below
is that solar heat tables are reliable as an indicator of critical periods.

Liquid Volume
Indicator
Heater
Equipmen-:: Arrangems~:t And '::'hel"!ttocoup 1 "
Locatior. i"or Migl a.t~on ':'est-o

Inside
Fig.
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Thermocouples were located to read condenser coil
temperatures (l through 6), oil term;>eratures (8
through 11), outdoor ambient (7), and indoor ambient (12). A calibrated liquid volume indicator facilitated the computation of refrigerant
concentration with tine. The indoor temperature
was controlled at a level that would at least
equal that of a typical conditioned space. Since
outdoor ambient temperatures during this experiment were 50-80°F, practically all of the refrigerant migration occurred from condenser to -:;ompressor (and vice-versa) as plarmed in order tr
limit variables.

EQUIPMENT M{D INSTRUMENTATION
rrhe air conditioning unit selected for tests was a
packaged system having nominal capacity of 11 tons
and a system charge of 25 lbs. R-22. It was installed in Fort Worth, Texas (32° 5' North Latitude)
with the vertical condenser coil facing east. The
compressor was a hermetic four cylinder radial
machine with vertical shaft and an oil charge of
7.63 lbs. The oil2 had a base viscosity of
280-300 SUS at 100°F. A crankcase heater rated
65 watts at 23DV was inserted into an external

Fig. 2 depicts the application of a liquid sensing
device within the lowest cylinder. This sensor, ~
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The experiments were conducted from iVJarch 1 thru
April 30, 1970, which covered the most critichl
period for this particular latitude and orientation.

thennistor naving a negative temperature coeffificient, signaled the presence of liquid refrigerant
in the cylinder; and together with a recording
voltmeter, it provided a record that could be co~
pared with those from the recording potentiometer
used for temperature data.
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RESULTS WITHOUT CRANKCASE HEAT

Without crankcase heat, the presence of sunlight
aJ_ways caused large quantities of refrigerant
to migrate into the crankcase and dilute the oil.
As shown in Fig. 4, refrigerant concentration for
. a typical day reached a value of 48% 6 hours after
sunrise ----a very high level when compared with a
measured vaJ_ue of about 17% R-22 by weight while
running at nominal conditions. Figure 4 aJ_so
points out that liquid was detected in the cylinder for 3 hours, 10 minutes. I1ad the compressor
been required to start, vaJ_ ve damage could have
resulted from a process commonly referred to as
"slugging".
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Tile migration path into the compressor is shown in
Fig. 3. When refrigerant was migrating to the
compressor crankcase from the condenser, its most
restrictive point was when it had to leak past the
spring loaded discharge valves into the cylinder.
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Fig, 4-Refrigerant Concentration in Oil For
Daylight Hours vhthout. Crankcase Heat
From
Condenser

The daylight condenser coil, ambient, and crankcase temperatures concurrent with Fig. 4 are shown
in Fig. 5. As shown, the condenser temperature
exceeded crankcase temperature-sometimes by as
much as l2°F--for a period of six (6) hours. According to the lab experiments conducted by Spauschus~
this would cause a rapid rate of transfer
to the compressor; one limited only by temperature
difference and system flow restrictions.
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Migration Path of Refrigerant
From Condenser Into Crankcase
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Fig. 6 - Refrigerant Concentration in , 'll
For Daylight Hrs. With Crankcase Heat
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NOTE:

With heavy cloud cover, the refrigerant concentration reached a maximum of 34%, which was relatively high; but liquid was never detected in
the rylmder. If the system were started
on a cloudy day the compressor's chances of survi val would be :improved as compared to starting
on a clear day. Unfortunately, it is more
probable that cooling would be required on a
clear day with a high solar heat load.

LIQUID APPEARED IN CYLINDER 3 TIMES
IN 61 DAYS

was less vulnerable to valve damage. Dl..u>ing the
time that the crankcase heater was energized,
liquid was sensed within the cylinder only three
(3) times. In each case the ambient rate of increase was qUite large - as high as 30°F in 2.25
hours from Silllrise, as shown :in Fig. 7. 'fue
cylinder was exposed to liquid for a period of
two (2) hours, but the concentration of
refrigerant in the sump did not change appreciably
from that depicted in Fig. 6.

RESULTS WITH CRANKCASE HEAT
'rhe 65 watt heater, when energized one hour after
sunrise after several days without crankcase
heat, :increased the sump temperature to a stable
valuG 20°F above the outdoor ambient in approximately 11 hours. While the temperature :increased
the refrigerant concentration in the sump decreased from 34% to 21%. Calculations, taking both
latent and sensible heat into account, revealed
an efficiency of less than 17% for this particular heater arrangement; and this arrangerrent was
the most efficient of the popular ones tested.
More must be accomplished in the future to improve heater efficiency.
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After heat had been applied for one (l) day, the
daily refrigerant concentration pattern was as
shown in Fig. 6. Obviously, a maximum concentration of 21% R-22 using sump heat represents a
substantial improverrent over the 48% with the
other arrangement. In addition, the compressor
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SUMMARY AND CONCLUSIONS

Wi-ch C_l_Oud cover, the maximum refrigerant concentra-cion amounted to 16%-actually lower than when
the machine is in operation.

Several conclusions have been reached as a ncsult of these experiments. They are:

COMPARISON OF RESULTS WITH LABORATCRY DATA

l.
Reference 2 conta1ns a great deal of information
concerning the solubility of refrigerant 22 in oil
under precisely controlled conditions. Results
from the above experirrents are compared with the
published data in Table II.

Crankcase heat, even if as small as 65 wat t0
with 17% efficiency, is effective in eleva-ting crankcase temperatures significantly
and eliminating the source for many compressor bearing and valve failures. The &bove discussion is summarized in Table III.

Table II

Table III.

Refrigerant Concentrations - Comparison of
Results With 11 Ton System to Controlled Results

Comparison of Migration Results With And Withou-r.
Crankcase Heat

Anticipated2
Results With
11 Ton System
R-22 concentration @
sunrise with crankcase
heat
R-22 concentration @
sunrise without crankcase heat

11%

29%

Without
Heat

28%

6T(Crankcase temperature-Condenser Temperazero to-12
ture), °F

20 to zero

77%(Max)

Daily refrigerant concentration in crankcase oil
29 to
with sunlight, %

11 to 21

Duration of Liquid in
cylinder, hours

Maximum daily concen-

tration wlth crankcase
heat

21%

36%

Maximum daily concentration without crankcase heat.

48%

77%(Max)

2.

48

3.17

Every day
Frequency of liquid in
cylinder during critical with sunlight
months

Stabilization at, a point on an equilibrium
diagram such as that in Reference 2 requires considerable ti.rre, especially with
higher refrigerant concentrations. This fact
was emphasized in the experiments conducted
and reported in Reference 3. The ll ton system used in this experirrent was exposed to
a maximum of 12. 25 hours of sunlight each
day, which was apparently an insufficient
amount of time for complete migration.
At sundown the condenser coil would follow
the rapid change in ambient temperature,
but the same thermal inertia that caused the
compressor to resist a temperature increase
at sunrise would resist a decrease at sundown. As a result some of the refrigerant
within the compressor would migrate back to
the condenser during the night. Referring
again to Fig. 3 the migration path was less
restrictive toward the condenser, as the
path through the discharge valve was in the
flow direction. The compressor's mass, quite
large in comparison to that of the laboratory
migration apparatus, was the primary reason
for the results plotted in Figs. 4 and 6.
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2

3 days in
61

2.

Crankcase heat should elevate the sump to a
minimum of 30°F above the surrounding ambient
overnight. An elevation of 20°F, as found
in these experiments, will reduce the refrigerant concentration in the crankcase to
an acceptable level, but 30°F would eliminate
the few times that liquid appears in the cylinder.

3-

Most crankcase heater arrangements are very
inefficient in getting heat to the oil. This
situation should be improved in order to reduce the amount of warmup tiiiB required with
the initial application of heat and increase
the stabilized sump temperature with respect
to the surroundings.

4.

Solar heat tables are qUite helpful in determining the months when compressor valve or
bearing damage is rrost likely.

5.

The industry should conduct additional tests
with actual systems. The effects of variables
such as compressor mass, condenser area, and
refrigerant charge, as well as the influence
of an evaporator as an additional migration
component are among the things that should
be explored.

It is felt that the wide discrepancies in Table II
are justified with the following considerations:
1.

With Heat
Applied
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